Introduction 88
Tick-borne encephalitis virus (TBEV) belongs to the genus Flavivirus (family 89 Flaviviridae), whose members include several important human pathogens transmitted by 167 TBEV infects human neurons, astrocytes, and oligodendrocytes 168 We next sought to determine which neural subsets were infected by TBEV in 169 neuronal/glial co-cultures. We had previously shown that, upon growth factor withdrawal, 170 hNPCs differentiated into neurons and astrocytes (28, 29) . Oligodendrocytes, the third cell type 171 that can be generated by differentiation of hNPCs, were not taken into consideration. To gain 172 in precision, in the present study we enumerated all 3 cell types, based on immunofluorescence by manual enumeration, as 22.8±5.6% (d13) and 32.7±5.0% (d21) of astrocytes were found 183 using this method (S1C Fig) . Thus, we confirmed that neurons and astrocytes were the major 184 cell types in our co-cultures and showed that oligodendrocytes constituted less than 5% of the 185 total cell population. 186 To characterize TBEV cellular tropism, we infected hNPC-derived neuronal/glial co-187 cultures and followed infection from 14 hours to 7 days. Cells were co-immunostained with 188 antibodies directed against TBEV-E3 (infected cells) and βIII-tubulin or HuC/HuD (neurons), 189 GFAP (astrocytes) and OLIG2 (oligodendrocytes). At 24 hpi, the 3 cell types were infected, as 190 shown in fig. 2A . Viral envelope strongly accumulated in the perinuclear region of the 191 cytoplasm in all cell types. The protein could also be evidenced in certain neurites and astrocyte 192 outgrowths, albeit with a lower intensity ( Fig. 2B ). We then sought to determine whether the 193 virus spread within each cellular subpopulation. We therefore quantified infection in each cell 194 type, at different time points during the course of the study (Fig. 2C, 2D, 2E ). The general 195 profile of infection was similar in the 3 cell types, with an increase in the first days of infection 196 up until a peak occurring at 48-72 hpi, followed by a decrease at 7 dpi, except for 197 oligodendrocytes in which case no decrease was observed. Early in infection, at 14 hpi, a 198 minority of cells were infected within each subset, namely 7.9±1.2% of neurons, 4.3±1.5% of 199 astrocytes and 11.7±0.8% of oligodendrocytes. Later, however, at the peak of infection, the 200 proportion of infected cells was high in neurons (55.2±3.8%) and oligodendrocytes 201 (68.0±21.5%) but much lower in astrocytes (13.6±5.3%), revealing differential propagation of 202 the virus within the three sub-population. Thus, whereas human neurons and oligodendrocytes 203 were highly susceptible to TBEV infection, human astrocytes were more resistant. 204 205 TBEV induces death of neurons and astrocytes 206 As hNPC-derived neuronal/glial cells were highly infected, we then sought to evaluate 207 whether TBEV induced cellular damages. Cultures were infected and cells were fixed at several 208 time points from 14 hpi to 14 dpi before immunostaining with antibodies specific for neuronal 209 and glial cells, as previously described. We first examined the neuronal population. At 14 dpi, 210 examination of HuC/HuD immunostaining revealed that TBEV-infected co-cultures were 211 strongly depleted in neurons, as compared with their non-infected matched controls (Fig. 3A) .
212
Enumeration showed that neuronal survival was unaffected in the first days of infection (from 213 14 to 48 hpi), but confirmed that neuronal loss occurred as early as 72 hpi (25.1±5.4% loss) and 214 steadily increased from this point on, reaching 72.0±10.3% at 14 dpi, the latest time point of 215 our study ( Fig. 3B ). We then examined neuronal morphology based on βIII-tubulin 216 immunostaining. At 7 dpi, a striking loss of neurites was observed in TBEV-infected cultures as compared with their non-infected matched controls ( Fig. 3C ). Quantification of total neurite 218 length confirmed their loss not only at 7 dpi (76.1±21.6% decrease), but also at 72 hpi 219 (62.0±22.6% decrease), whereas they were unaffected at an earlier time point (14 hpi) (Fig. 220 3D). Of note, whereas neuronal death became progressively more pronounced between 72 hpi 221 and 7 dpi, neurite loss peaked as early as 72 hpi, suggesting that neurites alteration precedes 222 neuronal death. Taken together, these results showed that TBEV infection strongly impaired 223 neuronal survival in the co-cultures and, moreover, suggested that neurite alteration preceded 224 neuronal death. 225 We next evaluated whether glial cells were damaged. Examination of astrocytes 226 immunostained with an antibody directed against GFAP at 7 dpi revealed hypertrophic cells in 227 TBEV-infected cultures, as compared with their non-infected matched controls ( Fig. 4A ). This 228 change in morphology is reminiscent of astrogliosis, a common feature of stressed astrocytes.
229
Enumeration of GFAP-positive cells was then carried out at 24 hpi, 72 hpi and 7 dpi. Their 230 number was not significantly altered at the earlier time points, 24 hpi and 72 hpi, but a decrease 231 of 20.7±11.1% was observed at 7 dpi compared with non-infected matched controls ( Fig. 4B ).
232
Thus, TBEV infection diminished survival of not only neurons but also astrocytes, although in 233 a more moderate manner for the latter. By contrast, enumeration of OLIG-2-positive cells did 234 not reveal a significant difference in oligodendrocyte number in TBEV-infected and non-235 infected cultures ( Fig. 4C 244 When infected with virus, cells initiate an antiviral response that aims at controlling 245 viral replication. In order to determine whether the human neuronal/glial cells used in our study 246 had conserved the capacity to develop such a response upon TBEV infection, we analyzed the 247 differential expression of 84 human genes involved in the antiviral response, using a PCR array 248 approach. Transcripts from hNPC-derived neuronal/glial cells infected with TBEV for 24 h 249 were pooled from biological triplicates and compared with their matched non-infected controls. or enriched for neurons (En-N) or astrocytes (En-As). We showed that the splitting procedure 
289
We then sought to determine whether distinct antiviral responses occurred in En-As, 290 En-N and Uns-C upon TBEV infection, which would reflect differential antiviral responses in human neurons and astrocytes. Cells were infected for 24 h and the expression of 84 genes of 292 the antiviral response was compared using the same PCR array as previously described. After 293 application of the usual arbitrary cut-off of 3-fold, 20 genes in TBEV-infected Uns-C, 16 genes 294 in TBEV-infected En-N and 21 genes in TBEV-infected En-As were shown to be significantly 295 up-regulated, as compared with their non-infected matched controls ( Fig. 7A ). Among the set 296 of over-expressed genes, which overlapped with that of non-trypsinized co-cultures, 13 were 297 common to the three cultures (table 1) while others were specific for En-As or En-N cultures 298 (8/21 and 3/16, respectively). Thus, these results showed that the antiviral program activated 299 by TBEV was partially different in human neurons and astrocytes. Of note, for 12/13 of 300 common genes, the magnitude of up-regulation was correlated to the percentage of astrocytes 301 in the cultures. That is, it was much higher in En-As than in En-N and intermediary in Uns-C Differential expression of antiviral genes in human neurons and astrocytes following 335 TBEV infection may reflect differential baseline expression in the two cell types. To test this but still in agreement with the PCR array data, no significant difference was observed for the OAS2 gene ( Fig. 7N ). These results thus showed that the basal level of expression of certain 352 antiviral genes was higher, albeit slightly, in human astrocytes than in human neurons.
354
Human astrocytes protected human neurons from TBEV infection and TBEV-induced 355 damage. 356 Next, we wondered whether human astrocytes might participate in neuronal defense. 357 We reasoned that, if this were the case, neurons would be more sensitive to TBEV infection in impact in vitro and, as we could not enrich them, they were not further considered and we 410 confined our study to neurons and astrocytes. We questioned the reasons that may explain 411 difference in TBEV tropism for these two cell types. This may be due to differential expression (52-54) and in determining TBEV tropism in different brain areas in murine models (44,55).
419
Also, studies using rodent models have shown that distinct brain cell types develop different 420 antiviral states. Microglia and astrocytes, for example, which were initially considered to be the 421 sole sentinels that respond to microbial infection within the brain (56,57) have been shown to 422 behave differently, as microglia developed a more robust response than astrocytes to TLR7 Indeed, we showed that loss of neurites preceded the disappearance of neuronal cell bodies, an 
